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Background: Schizophrenia subjects demonstrate diffi-
culties on tasks requiring saccadic inhibition, despite
normal refixation saccade performance. Saccadic inhibi-
tion is ostensibly mediated via prefrontal cortex and
associated cortical/subcortical circuitry. The current
study tests hypotheses about the neural substrates of
normal and abnormal saccadic performance among sub-
jects with schizophrenia.

Methods: Using functional magnetic resonance imaging,
blood oxygenation level–dependent (BOLD) data were
recorded while 13 normal and 14 schizophrenia subjects
were engaged in refixation and antisaccade tasks.

Results: Schizophrenia subjects did not demonstrate the
increased prefrontal cortex BOLD contrast during anti-
saccade performance that was apparent in the normal
subjects. Schizophrenia subjects did, however, demon-
strate normal BOLD contrast associated with refixation
saccade performance in the frontal and supplementary eye
fields, and posterior parietal cortex.

Conclusions: Results from the current study support
hypotheses of dysfunctional prefrontal cortex circuitry
among schizophrenia subjects. Furthermore, this abnor-
mality existed despite normal BOLD contrast observed
during refixation saccade generation in the schizophrenia
group. Biol Psychiatry 2002;51:216–223 © 2002 Soci-
ety of Biological Psychiatry
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Introduction

Frontal cortex dysfunction is hypothesized to be a
critically important deficit in schizophrenia (Berman

et al 1992; Buchsbaum et al 1992). Among the numerous
behaviors supported by frontal cortex and associated

cortical/subcortical circuitry are saccadic eye movements.
Saccades exist in a hierarchy of increasingly complex
behavior (Leigh and Zee 1991, p. 79). With each step up
in the hierarchy, the basic neural circuitry is conserved but
additional, primarily cortical, regions are recruited. For the
purposes of the current manuscript, the most basic level of
saccadic performance consists of visually guided refix-
ation saccades, movements that rapidly redirect the gaze to
a visual target. At a more cognitively complex level are
antisaccades, movements that redirect gaze to the mirror
image location (opposite direction, same amplitude) of a
visual cue. An initial glance toward the cue constitutes an
antisaccade error.

The characteristics of saccadic performance among
schizophrenia subjects have been extensively evaluated.
Simple refixation saccade performance among schizophre-
nia subjects does not differ from that of normal subjects
(Crawford et al 1998; Fukushima et al 1990; Iacono et al
1981; McDowell et al 1996), with the possible exception
of specific medication-induced effects (Sweeney et al
1997). This finding suggests that the neural substrates
underlying the basic saccade-generating mechanisms are
functionally intact among schizophrenia subjects.

Schizophrenia subjects’ performance, however, differs
from that of normal subjects during antisaccade tasks.
Schizophrenia subjects generate an increased proportion
of antisaccade errors toward a cue (Crawford et al 1995;
Fukushima et al 1990; Katsanis et al 1997; McDowell and
Clementz 1997; Sereno and Holzman 1995). The first-
degree, nonpsychotic relatives of schizophrenia subjects
also generate an increased proportion of antisaccade errors
(Crawford et al 1998; Katsanis et al 1997; McDowell et al
1999; Ross et al 1998).

The neural circuitry supporting refixation and antisac-
cade performance is relatively well understood. Thus,
hypotheses can be generated regarding the neural bases of
both normal and abnormal saccadic performance. In this
study, functional magnetic resonance imaging (fMRI) was
used to test hypotheses about the neural substrates of
normal and abnormal saccadic performance among sub-
jects with schizophrenia.
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The first hypothesis addressed here is that both schizo-
phrenia and normal subjects will demonstrate increased
and similar signal contrast in cortical regions known to
support refixation saccade performance. As determined
from both human and nonhuman primate studies, (Ever-
ling and Munoz 2000; Leigh and Zee 1991; Tehovnik et al
2000) those regions include frontal eye fields (FEF),
supplementary eye fields (SEF) and posterior parietal
cortex (PPC). Results from existing imaging studies in
normal subjects consistently show increased signal con-
trast in these three reciprocally connected cortical regions
during saccade performance (Anderson et al 1994; Bodis-
Wollner et al 1997; Darby et al 1996; Fox et al 1985;
Grosbas et al 1999; Kawashima et al 1996; Law et al 1997;
Luna et al 1998; Melamed and Larsen 1979; O’Driscoll et
al 1998; Petit et al 1996; Sweeney et al 1996).

The second hypothesis is that normal, but not schizo-
phrenia subjects, will show increased prefrontal cortex
signal contrast associated with antisaccade performance.
Patients with lesions in the dosolateral prefrontal cortex
(DLPFC), but not those with lesions of FEF (Gaymard et
al 1999) or other cortical regions (Pierrot-Deseilligny
1994) make significantly more antisaccade errors toward a
cue. Imaging studies of antisaccade performance are not as
numerous as those of refixation performance and report
more varied results. O’Driscoll et al (1995) and Paus et al
(1993) showed no prefrontal blood flow differences be-
tween refixation and antisaccade performance using
positron emission tomography (PET) techniques. Con-
versely, Sweeney et al (1996) observed a bilateral DLPFC
signal associated with antisaccade performance in normal
subjects, a finding that has been replicated in PET (Doric-
chi et al 1997) and fMRI (Müri et al 1998).

In general, there is a less extensive literature describing
functional neuroimaging data in schizophrenia subjects
performing antisaccade tasks. Crawford et al (1996) re-
ported no blood flow difference (assessed by single-
photon emission tomography [SPET]) in DLPFC during
antisaccades when comparing a group of poorly perform-
ing schizophrenia subjects to a group of normally perform-
ing schizophrenia subjects. Nakashima et al (1994), how-
ever, reported increased blood flow (measured with PET)
in left DLPFC in normal, but not schizophrenia, subjects
during a task that was similar to an antisaccade task in its
requirement to look opposite of a visual target.

In order to test hypotheses one and two, however,
potential artifacts must be considered before drawing
inferences regarding signal changes representative of neu-
ronal activity. One persistent potential confound between
groups in neuroimaging studies using psychiatric subjects
is the extent of head movement. After using a strategy to
quantify and correct both non–stimulus- and stimulus-
correlated head movement during imaging, blood oxygen-

ation level–dependent (BOLD) signal contrast was eval-
uated during refixation and antisaccade performance.
Refixation saccades provide an excellent baseline condi-
tion for antisaccade comparison, because the same cir-
cuitry is hypothesized to subserve each behavior, with the
exception of additional prefrontally mediated inhibition
necessary for correct antisaccade performance. The cur-
rent study directly compares refixation and antisaccade
performance within a single run.

Methods and Materials

Subjects
Sixteen DSM-III-R schizophrenia (mean age � 37 years; SD �
8; 19% female; mean years of education � 13.8) and 14 normal
(mean age � 35 years, SD � 9; 7% female; mean years of
education � 14.7) subjects were imaged while performing
saccadic tasks. All participants were in good physical health,
absent of neurological hard signs, free from current psychoactive
substance use disorders, and were screened for claustrophobia,
potential pregnancy, bodily shrapnel or other metals, pacemak-
ers, aortic clips or heart valves, implanted prosthesis, and
colorblindness. After complete description of the study to the
subjects, written informed consent was obtained.

Subjects with chronic schizophrenia were recruited from local
outpatient services and diagnosed using the Structured Clinical
Interview for DSM-III-R Axis I Disorders (Spitzer et al 1990).
Ninety-three percent of the schizophrenia subjects were taking
various doses of antipsychotic (29% on typical, 64% on atypical)
and anticholinergic (21%) medication.

Normal subjects were recruited through advertisements posted
on community bulletin boards and screened for a personal and
family history (first-degree relatives) of psychiatric disorders. As
determined by self-report, only subjects without an Axis I
disorder, family history of psychotic disorder, suicide, or psy-
chiatric hospitalization were asked to continue with the imaging
procedure.

Imaging Procedure
Subjects began by spending 5 min in a mock scanner environ-
ment for desensitization to the confined space and loud noise,
and to provide a standardized pre-exposure period. Subjects were
then transferred to a Siemens (Erlangen, Germany) Vision 1.5
scanner. Cushioning inside the head coil was adjusted for optimal
positioning of the subject’s head, and restraints were placed over
the forehead and chin.

Automatic shimming was completed and midsagittal localizer
images were acquired to optimize head position in the coil so that
the entire supratentorial cortex could be imaged. Functional
scans consisted of 32 axial contiguous, gradient-recalled echo-
planar images (4 mm thick, repetition time [TR] � 3 sec, echo
time [TE] � 40 msec, flip angle � 90 degrees, field of vision
[FOV] � 220 mm, 3.4 � 3.4 mm in plane resolution) that were
acquired in the axial plane while subjects were engaged in eye
movement tasks. High-resolution structural images were ac-
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quired using a three-dimensional MPRAGE (magnetization pre-
pared rapid gradient echo) protocol (TR � 11.4 sec, TE � 4.4
msec, flip angle � 10 degrees, FOV � 256 mm, 1 mm isotropic
resolution) across a 128-mm axial slab.

Stimulus Presentation
Colored asterisks were rear projected (Proxima Corp., Wilson-
ville, OR) onto a screen that the subject viewed through a mirror.
One and only one stimulus was present at a time, either at the
central position or approximately 7 degrees right or left of center.
Each 51⁄2-min run consisted of alternating blocks of 30-sec
conditions. Every block of saccade stimuli contained an equal
number of trials randomly distributed to either side. Subjects
were quizzed using practice stimuli. Technical limitations pre-
vented recording eye movement performance inside the scanner.
Seven pilot subjects, however, performed trials while their eye
position was observed and videotaped. Although the exact
metrics of eye movement could not be recorded, the accuracy and
attentiveness of the subjects could be monitored, and all subjects
demonstrated task appropriate eye movements. Additionally,
antisaccade performance was quantified for a subset of subjects
outside of the scanner (see Behavioral Methods below).

REFIXATION SACCADE STUDY. Subjects alternated be-
tween blocks of fixation (30 sec of central target presentation)
and refixation stimuli (12 trials of 1 sec of central target
presentation followed by presentation of the peripheral target for
1.5 sec), beginning and ending with fixation blocks. Subjects
were instructed to keep their eyes on the target when it was
centrally located, and to move their eyes as quickly and accu-
rately as possible to the peripheral target when it appeared.

ANTISACCADE STUDY. Subjects alternated between blocks
of refixation stimuli (same as above) and antisaccade stimuli (10
trials of 1.5 sec of central target presentation followed by
presentation of the peripheral target for 1.5 sec), beginning and
ending with refixation blocks. A change in the target color
indicated a switch in task from refixation (green) to antisaccades
(red). When the target was green, subjects were instructed to
move their eyes as quickly and accurately as possible to the
target each time it moved to the periphery. When the target was
red, subjects were instructed to look as quickly and accurately as
possible to the mirror image (opposite direction, same ampli-
tude) of the peripheral cue.

Behavioral Methods
Antisaccade performance was recorded outside of the magnet for
a subset of subjects (normal n � 8, schizophrenia n � 10).
Horizontal eye movements were measured using an Eye Trac
Model 210 monitor (Applied Science Laboratories, Bedford,
MA) and infrared spectacles mounted on eyeglass frames. Eye
movement recordings were digitized at 256 Hz using an A-to-D
board connected to an IBM-compatible computer and recorded to
hard disk for offline scoring. Performance was simultaneously
monitored by the experimenter.

Prior to the task, subjects were given initial calibration trials

followed by task instructions. Fifty antisaccade trials were
presented. The trials had the same stimulus characteristics as
those presented in the magnet (target presented for 1.5 sec
centrally followed by 1.5 sec at 7 degrees right or left of center).
Data were scored using programs written in Matlab (The Math-
works Inc., Natick, MA) for the express purpose of evaluating
saccade direction. An initial glance toward the cue constituted an
antisaccade error.

Analysis

IMAGE PREPARATION AND REGISTRATION. Analysis
was conducted using analysis of functional neuroimages (AFNI)
(Cox 1996). Three-dimensional volumetric registration (using a
weighted least squares) was used to align brain volumes across
the time series of images. The most centrally located volume,
that is the volume whose position was most characteristic of the
series, was used as a base for correction of minor movements
between consecutively acquired images (Cox and Jesmanowicz
1999). Furthermore, the parameters derived by this procedure
characterize the amount of head movement in translational
(measured in mm) and rotational (measured in degrees) space
(Bullmore et al 1999) with increased magnitude of these values
reflecting increased movement. To evaluate non–stimulus-corre-
lated movement, changes in translational and rotational space
were calculated as the mean Euclidean distance change from zero
for each subject. To evaluate stimulus-correlated movement, the
motion parameters for each individual subject were correlated
with the reference function (see below for characteristics of the
reference function). Upon visual inspection of the distribution of
non–stimulus- and stimulus-correlated motion, subjects who
were clear outliers were eliminated from further analysis.

IMAGE ANALYSIS. On a subject by subject basis, the
BOLD signal intensities across time were cross-correlated with a
series of phase-shifted trapezoid reference functions and cor-
rected for linear drift. The trapezoid function was a modified
square-wave, in which the time of baseline stimulus presentation
was represented by zeros and the time of experimental stimulus
presentation was represented by ones, with 6-sec (equivalent to 2
TRs) rise and fall periods between conditions. The motion
parameters were used as regressors to partial out the variance due
to movement across time.

Following the cross-correlation analysis, each subject’s data
were transformed into standardized space (based on the Talairach
and Tournoux Atlas, 1988) and resampled to 3 � 3 � 3 mm
voxels. A full-width, half-maximum isotropic Gaussian blur
equivalent of 1 voxel size was applied to the data. The group data
were then submitted to random effects t tests for within- (versus
zero) and between-groups on a voxel by voxel basis, resulting in
t maps. In an effort to identify only neuronally meaningful
BOLD signal changes and to preserve an alpha level of p �
0.05, only areas that were part of a cluster of contiguous voxels
with a t value of .025 and exceeded a volume of 377 �L
(equivalent of 13 voxels) were accepted for final analysis.
Figures are presented as �2 effect size maps (Cohen 1973).
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Results

Behavioral Analysis

When recorded on antisaccade tasks outside of the magnet,
significantly fewer correct trials (correct trials/total trials)
were generated by schizophrenia (mean � .59, SD � .20)
than normal subjects [mean � .93, SD � .04; F(1,16) �
23.37, p � .0002; Figure 1].

Movement Analysis

NON–STIMULUS-CORRELATED MOTION. The distri-
bution of change in rotational space from zero is illustrated
in Figure 2. It is evident from the data that most subjects
have relatively little change in rotational position over the
course of a 51⁄2-min scanning session. The exceptions are
two clear outliers, one from each group (normal #1,
schizophrenia #1). The Euclidean distance distributions
were similar for translational space.

STIMULUS-CORRELATED MOTION. The distribution
of change in rotational space demonstrates that the corre-

lation between the reference wave and the three rotational
planes are small, with the exception of two points that are
outliers compared with the rest of the distribution (Figure
3). The two extreme points occur in the planes character-
izing roll and pitch, and each represents data from the
same subject (schizophrenia #2). The stimulus-correlated
movement was similar for translational space.

SUMMARY OF MOVEMENT ANALYSIS. The three
subjects who were clear outliers on the movement param-
eters were excluded from further analysis, resulting in
similar group distributions for non–stimulus-correlated
and stimulus-correlated movement variables. This reduced
the probability that apparent signal (either within or
between groups) in the following analysis is due to
movement artifact.

Image Analysis

The remaining 13 normal and 14 schizophrenia subjects
contributed to the group data analyzed for BOLD signal
change associated with refixation (fixation baseline) and
antisaccades (refixation saccade baseline). Reports of
BOLD signal changes are limited to those areas identified

Figure 1. Mean proportion of correct antisaccade responses for
normal (n � 8) and schizophrenia (n � 10) subjects (data
recorded outside of the magnet). Zero indicates an error gener-
ated toward the cue on every trial. One indicates correct
performance to the mirror image location on every trial.

Figure 2. The Euclidian distance (the square root of the sum of
squares of the head displacement in each plane) was used to
determine the amount of change from zero (measured in degrees)
in the rotational plane. The normal subjects (n � 14) are shown
as solid circles, the schizophrenia subjects (n � 16) are shown
as hollow circles. One subject from each group lies clearly
outside the distributions.
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a priori as regions involved in saccade generation: FEF,
SEF, PPC, and DLPFC (Talairach coordinates are desig-
nated using center of mass for the normal subjects).

REFIXATION SACCADE STUDY. T tests comparing
refixation saccade–associated BOLD signal change for
each group versus zero were calculated. Normal and
schizophrenia groups showed similar BOLD contrast in
frontal eye fields (Talairach coordinates; x � 41, y � �2,
z � 47) and supplementary eye fields (Talairach coordi-
nates; x � �3, y � �1, z � 60), and also parietal cortex
(Talairach coordinates; x � 17, y � �67, z � 56; Figure
4a and 4b). The between-group �2 effect size t map
demonstrated that there were no significant differences in
this plane in these areas (Figure 4c).

ANTISACCADE STUDY. Both within- and between-
group t tests showed that normal, but not schizophrenia,
subjects demonstrated increased BOLD contrast in the
DLPFC (Talairach coordinates; x � 23, y � 42, z � 36)

lateralized to the right hemisphere. This pattern is clearly
demonstrated in the within- (Figures 5A and 5B) and
between-group (Figures 5C and 5D) �2 effect size t map.

Discussion

The current study evaluated the BOLD contrast associated
with refixation and antisaccade performance in normal and
schizophrenia subjects. Schizophrenia subjects did not
demonstrate the increased prefrontal cortex BOLD con-
trast during antisaccade performance that was apparent in
the normal subjects. In the subset of subjects tested outside
of the magnet, schizophrenia subjects also generated an
increased proportion of antisaccade errors, consistent with
previous results (Crawford et al 1995; Fukushima et al
1990; Katsanis et al 1997; McDowell and Clementz 1997;
Sereno and Holzman 1995). These data are consistent with
extant hypotheses that prefrontal cortex and its associated
cortical and subcortical circuitry must be functionally
intact for correct antisaccade performance and may be
disrupted in schizophrenia.

Evidence suggests that DLPFC and its circuitry support
numerous and varied behaviors (for example, see Gold-
man-Rakic 1987). Two elements necessary for correct
antisaccade performance that are hypothesized to be me-
diated by DLPFC are inhibition of the initial saccade and
maintenance of the spatial location of a correct response.
Problems with either element may result in poor antisac-
cade performance, although they may be manifest in
different ways. It appears that the role of DLPFC in
regulating saccadic inhibition is the most parsimonious
explantation for the observed results. First is the temporal
sequence of events. The initial glance must be inhibited
before a saccade is generated to a spatial location. Second
is that the instructions require a movement away from the
que as quickly as possible, minimizing the time necessary
to maintain a spatial location. Third, although schizophre-
nia subjects are often not as accurate on correct antisac-
cade trials, the between-groups differences are often
greater for antisaccade error rate than for antisaccade
accuracy (Crawford et al 1995; McDowell and Clementz
1997). Fourth and finally, increased antisaccade errors are
only one of a series of abnormalities during volitional
saccade tasks that could be characterized as a problem
with saccadic inhibition (for a review, see Clementz
1998). Briefly, schizophrenia patients generate more of the
very fast reaction time saccades known as express sac-
cades (Clementz 1996; Matsue et al 1994), have faster
latencies during predictive saccades (Karoumi et al 1998;
McDowell et al 1996), and make more saccades during the
delay period of ocular motor delayed response tasks
(Everling et al 1996; McDowell et al 2001; McDowell and
Clementz 1996) than normal subjects.

Figure 3. The y axis shows the r-value resulting from the
correlation between the reference wave and a motion parameter
characterizing three directions of rotational movement: roll,
pitch, or yaw. The normal subjects (n � 14) are shown in dark,
the schizophrenia subjects (n � 16) are shown in white. Thus,
each subject contributes three points to the graph—the value
characterizing head motion in each of the three potential direc-
tions. Two points have an r value of � .25. Both data points are
contributed by schizophrenia subject #2.
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Results from the current study suggest that schizophre-
nia subjects may manifest prefrontally mediated saccadic
inhibition problems. Perhaps prefrontal neurons do not
activate as strongly in schizophrenia subjects, or it may be
that there is a timing problem that decreases the probability
that inhibition occurs. Importantly, the decreased prefrontal
signal existed even though the brain response in FEF, SEF,
and PPC was normal during refixation and antisaccade
generation in the schizophrenia group.

In the normal subjects, prefrontal BOLD signal contrast
associated with antisaccade performance was lateralized to
the right hemisphere. Schizophrenia subjects did not show
increased BOLD signal contrast in the region. Although
some studies have not found evidence of prefrontal cortex
activation associated with antisaccades (O’Driscoll et al
1995; Paus et al 1993), other studies have reported
bilateral (Doricchi et al 1997; Sweeney et al 1996) and
unilateral (Nakashima et al 1994) signal contrast in pre-
frontal cortex of normal subjects. The unilateral increase
in BOLD signal in the current report may reflect right
hemisphere dominance for visual and motor hemi-atten-
tion. For instance, visual neglect is caused almost exclu-
sively by right hemisphere lesions (Mesulam 1999). Ad-
ditionally, recent imaging studies demonstrate that inhibition

of a prepotent motor response may lateralize to the right
hemisphere (de Zubicaray et al 2000; Garavan et al 1999).

Despite the evidence provided here for disrupted
DLPFC functioning among schizophrenia subjects, alter-
native hypotheses should be considered. First, group
differences in head motion could result in a decreased
ability either to resolve signal above the noise or result in
artifactual signal. In this study, however, an attempt was
made to maintain the quality of data between groups by
evaluating head motion and eliminating extreme outliers
on movement parameters. As a result, the probability was
reduced that the group means were either devalued by
non–stimulus-correlated movement or accentuated by
stimulus-correlated movement. Second, given the character-
istics of the alternating refixation/antisaccade paradigm, it is
possible that the schizophrenia subjects never learned to
make the switch to antisaccades when the color changed.
This possibility was minimized by screening out colorblind
subjects. Subjects also were cooperative, received and re-
peated verbal instructions about task requirements, and were
given practice trials in which they reported the direction of
correct responses when presented with test stimuli.

Future studies will incorporate measurement of eye
movement metrics while subjects are in the scanner.

Figure 4. Axial views of �2 effect size maps for
blood oxygenation level–dependent contrast asso-
ciated with refixation saccade performance for (A)
normal subjects, (B) schizophrenia subjects, and
(C) the between-group t test. The color scale
identifies the �2 effect size from 0 to 1 sigma. The
green crosshairs mark the same frontal eye field
location in each plane. The effect size maps are
overlaid on an average structural map of 14 normal
subjects. Figures are shown using radiological con-
vention (left hemisphere on right side).

Figure 5. Coronal views of �2 effect
size maps for blood oxygenation
level–dependent (BOLD) contrast
associated with antisaccade perfor-
mance for (A) normal subjects and
(B) schizophrenia subjects. The be-
tween-group t test maps for BOLD
contrast associated with antisaccade
performance are shown in (C) coro-
nal and (D) axial orientations. The
color scale identifies the effect size
from 0 to 1 sigma. The green cross-
hairs mark the same dorsolateral
prefrontal cortex location in each
plane. Figures are shown radiologi-
cally oriented.
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Although not measured for all subjects during the fMRI
study, pilot observations of eye position agreed with those
measured out of the scanner. In the subset of subjects
recorded on antisaccade performance outside the magnet,
eight of eight normal subjects scored better than 85%
correct. Six of 10 schizophrenia subjects, however, per-
formed below 60% correct. All subjects self-corrected
before they were cued to do so on the majority of error
trials. These distributions are consistent with other reports
of antisaccade performance from our laboratory (McDow-
ell and Clementz 1997).

The current study provides corroborating evidence that
prefrontally mediated inhibition is functionally impaired
among schizophrenia subjects. Importantly, the impair-
ment is not of a global nature, because it occurs in
conjunction with normal patterns of neural activity asso-
ciated with saccade generation. Behaviorally, the in-
creased proportion of saccadic errors demonstrated by
schizophrenia subjects is observed among the nonpsy-
chotic relatives of schizophrenia subjects. Therefore, bio-
logical relatives of schizophrenia subjects provide a group
in which further imaging studies of prefrontal cortex and
its associated circuitry may be evaluated. Similar patterns
of functional activity during antisaccade performance in
schizophrenia subjects and their biological relatives would
provide increased confidence that prefrontal cortex cir-
cuitry dysfunction was a necessary, although not suffi-
cient, part of a liability for developing the illness.
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